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Sunday, February 16, 2014 217awe report on extremely high yield of 25% of the dark state observed for the
yellow-emitting Ag nanoclusters formed on calf thymus DNA [3]. This result
seems to be promising in further creating polymer-stabilizing Ag nanoclusters
with specially designed structure providing high efficiency of the dark state
formation.
[1] Obliosca, J. M.; Liu, C.; Batson, R. A.; Babin, M. C.; Werner. J. H.; Yeh,
H.-C. DNA/RNA Detection Using DNA-Templated Few-Atom Silver Nano-
clusters. Biosensors 2013, 3, 185-200.
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‘‘A Physical Lens on the Cell’’: Beginnings of a Free Online Book on
Sub-Cellular Biophysical Processes for Students from Heterogeneous
Backgrounds
Daniel Zuckerman.
University of Pittsburgh, Pittsburgh, PA, USA.
Biophysical principles are central to cell biology, but typical biophysics books
are physics-centric and equation-heavy. Such specialized presentations can be a
significant barrier to biology-trained students and perhaps even for physics stu-
dents in that key concepts may be obscured by intimidating formalism. "A
physical Lens on the Cell" (PLoC) is a new online book which takes the
perspective that most of the essential physics underlying cell biology can be un-
derstood from relatively simple principles, primarily a mass-action/kinetic pic-
ture of non-equilbrium processes. This perspective enables straightforward
explanation of a wide range of phenomena including: (free) energy storage
by activated carriers and in gradients; the operation of molecular machines
such as motors and pumps; phosphorylation processes; and enhanced genetic
information transfer in proofreading processes. The hyperlinked structure of
PLoC enables students from varying backgrounds to design their own study
pathways through the material, which ranges from qualitative to semi-
quantitative to fully quantitative. PLoC also attempts to organize the vast world
of cell biology within a physical hierarchy: chemical physics, molecular pro-
cesses, the energy economy, etc. PLoC is very much a work in progress, but
is publicly available: http://www.csb.pitt.edu/Faculty/zuckerman/html/start.
html. The site’s interface permits side-by-side reading of pages for ready
cross-referencing and access to other content.
1097-Pos Board B852
Introductory-Level Course on Randomness and Order in Soft and
Biological Matter
Elon Langbeheim1, Shelly Livne1, Nava Schulman1, Ruth Chabay2,
Sam Safran1, Edit Yerushalmi1.
1Weizmann Institute of Science, Rehovot, Israel, 2North Carolina State
University, Raleigh, NC, USA.
Explanations of the spontaneous assembly of molecules into mesoscopic
(nanometric) or micron-sized structures that are important in biological cells
(i.e. membranes, polymers, and colloids), require an understanding of coop-
erative behavior in interacting, multi-particle systems. We present a concep-
tual and quantitative framework for teaching these phenomena to
introductory-level students, which was tested in a pilot interdisciplinary
course given to advanced (AP level) high school students in Israel. We first
discuss the competition of configurational entropy (that leads to randomness)
and interparticle interactions (that leads to structure formation) in terms of a
lattice model in the context of binary mixtures. The lattice model, which al-
lows for simple calculation of both entropy and interactions also provides a
concrete visualization of the particles comprising the system; it is used in the
statistical thermodynamics via free energy minimization. Our approach is
then used to model the mesoscale structure and macroscopic phase separation
of fluid mixtures and the resulting interfaces, polymer solutions, and the
self-assembly of lipids1. Parts of the curriculum can be incorporated into re-
structured introductory physics courses for life sciences, allowing students to
understand how the competition between interactions and entropy is resolved
in the formation of mesoscopic structures. The course is also beneficial for
physics and chemistry students since it provides them with insight and quan-
titative examples of strongly interacting, many-particle systems; this is in
contrast to the one-particle systems that are typically the focus of introduc-tory physics courses. The syllabus can also form part of an integrated, quan-
titative science course which can be presented at the introductory level since
it does not require advanced mechanics, electromagnetism or quantum
mechanics.
1 E. Langbeheim, S. Livne, S. A. Safran, E. Yerushalmi, Introductory physics
going soft.
American Journal of Physics, 80, pp. 51-60, 2012.
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Teaching Physics at San Quentin State Prison: Year 2
Troy A. Lionberger, Diane M. Wiener, Samuel M. Leachman,
Frank Chuang, Sam Tia, Cory Antonakos, Carlos J. Bustamante.
University of California, Berkeley, Berkeley, CA, USA.
In the United States, prisoners earning an associate degree while incarcerated
are nearly 50% less likely to reoffend within three years of release than those
who did not participate in college-level educational programs. Along these
lines, several studies have shown that postsecondary education can be one of
the least expensive and most effective ways to reduce the likelihood that ex-
offenders return to prison. And yet, most states do not offer publically financed,
on-site educational opportunities for incarcerated persons. At last year’s Bio-
physical Society Meeting, we introduced a college-level, physics laboratory
course we taught during the Summer 2012 semester at San Quentin State Prison
through the Prison University Project. The course was designed by graduate
students and postdocs who volunteered at night and on weekends to teach as
part of a continuing outreach effort intended to provide free, high-quality in-
struction to the general prison population. Our goal was to provide an opportu-
nity for students to get transferable credit for a lab-based science course, which
will be required for eventual transfer upon release into a four-year state college
in California. Here, we present an update on our course, now in its second year
and taught during the Fall 2013 semester. We discuss changes to the course
design implemented to better serve the student population and to adapt to the
unique teaching environment at San Quentin. The second version of the course
was underway at the time of abstract submission, but the initial assessment was
promising: student performance was improving, the drop rate decreasing, and
the course more effectively addressed the diverse educational backgrounds of
our students. We will present the results of our ongoing efforts teaching physics
at San Quentin, including the outcomes of students who took the course the first
time.
1099-Pos Board B854
Biophysics in the Undergraduate Curriculum
Peter H. Nelson.
Physics and Biology, Benedictine University, Lisle, IL, USA.
Recently there have been multiple calls for curricular reforms to develop
new pathways to the science, technology, engineering and math (STEM) dis-
ciplines. In response, I propose a conceptual framework for quantitative sci-
entific modeling skills that are useful across all the STEM disciplines. The
approach actively engages students in a process of directed scientific discov-
ery using Monte Carlo simulations and finite difference methods using the
‘‘Marble Game’’ as a model system. In a ‘‘Student Assessment of their
Learning Gains’’ (SALG) survey, students identified this approach as pro-
ducing ‘‘great gains’’ in their understanding of real world problems and sci-
entific research. Students build a conceptual framework that applies directly
to random molecular-level processes in biology such as diffusion and inter-
facial transport. It is also isomorphic with a reversible first-order chemical
reaction providing conceptual preparation for chemical kinetics. The compu-
tational and mathematical framework can also be applied to investigate the
predictions of quantitative physics models ranging from Newtonian me-
chanics through RLC circuits. To test this approach, students were asked
to derive a novel theory of osmosis. The test results confirm that they
were able to successfully apply the conceptual framework to a new situation
under final exam conditions. The marble game thus provides a pathway to
the STEM disciplines that includes quantitative biology concepts in the
undergraduate curriculum - from the very first class. DUE-0836833 http://
circle4.com/biophysics.
1100-Pos Board B855
Developing Creative Laboratory Skills through Student Self-Developed
Activities
Qing Shao, Joseph D. Ametepe.
School of Science and Technology, Georgia Gwinnett College, Lawrencevill,
GA, USA.
At Georgia Gwinnett College, the majority of students taking Introductory
Physics courses are undergraduates in Biology majors. Creative skills and tech-
nical writing abilities are critical in holistic student development and student
218a Sunday, February 16, 2014preparedness for the challenges in Biology related fields in the 21st century.
However, training in developing those skills is not typically available to stu-
dents until graduate school. In this courses-imbedded research project, students
were exposed to a semester long series of realistic problems related to acceler-
ation, force, torque and energy. Students are required to self-develop activities
for formulating protocols of collecting data, analyzing, and making conclusions
about these problems. The purpose to use this new method of student laboratory
engagement is to train students in being able to be creative, critical, and trouble
shoot simple problems during experimentation. Additionally, technical writing
is emphasized as this is important for students to be successful as graduates in
biology major in today’s world. Throughout the semester students learn how to
present scientific results. Instructors organize the discussion on the validation
of experimental plan, grade reports and provide detailed one-on-one feedback
to students. At the end of semester students are required to write a comprehen-
sive report summarizing all their experimental procedures, data collection ap-
proaches, and presentation of results. Students’ performance are assessed by
carefully developed rubrics based on accepted standards used in conducting sci-
entific research and reporting, a point-based scale is used to track student’s
skills of critical thinking, quantitative data analysis, and their technical commu-
nication. Additionally, students’ feedback through pre-and post-survey ques-
tions is assessed to determine effective of this new lab format in their
learning process.
1101-Pos Board B856
Exciting Minds to Make them Shine: An Undergraduate Hands-On
Training Program in Biophysics
Richard D. Ludescher, Maria Corradini, Yan Wang, Andrew Draganski.
Rutgers University, New Brunswick, NJ, USA.
The limited application of luminescence spectroscopy in directly monitoring
foods and pharmaceuticals can be attributed to two causes: a) most useful fluo-
rophores are either toxic, expensive, have limited availability or selective sol-
ubility, and b) detailed photophysical characterization of edible fluorophores is
limited.
We have attempted to fill this void with an educational program that involves
student-led research by undergraduates. This hands-on training program fo-
cuses on photophysically characterizing and cataloging generally-recognized-
as-safe (GRAS) chromophores normally present in or routinely added to foods.
This program creates a database of edible fluorescent and/or phosphorescent
probes while also identifying potential applications of the probes as intrinsic
sensors of quality and safety in foods and pharmaceuticals. These objectives
require a full integration and understanding of biophysical concepts from for-
mation of excited electronic states and transfer of excitation energy within bio-
physical systems to the effect of physical state of biological materials on
photophysical responses.
Within this program ~15 compounds have been tested and characterized in the
last few years by a team of >15 undergraduates working individually and
collaboratively. The involvement of such a large pool of undergraduate stu-
dents enables the testing of a broad set of potential chromophores while also
providing training in biophysical research methods and techniques to a group
of potential scientists. This project additionally promotes mentoring skills
among the collaborating graduate students and senior undergraduates. The re-
sults of this project have been used to inform and successfully obtain federal
grant funding. We believe this program serves as a useful platform for intro-
ducing biophysics research to undergraduates. The strategies that have been
developed during its implementation can be extrapolated to teach biophysical
concepts in other areas.
1102-Pos Board B857
Biophysics in Order: An Interdisciplinary Approach to Undergraduate
Student Engagement in Research
Diane M. Wiener1, Fernando Esquivel-Suarez2, Bentley Gibson2,
Laura A.G. Gray2, Victoria L. Templer2, Leslie Taylor2, David G. Lynn2.
1University of California Berkeley, Berkeley, CA, USA, 2Emory University,
Atlanta, GA, USA.
There is a growing recognition among university educators that early exposure
to research facilitates student engagement, reinforces learned material, and pro-
vides critical training that is otherwise not provided in a traditional class
setting. Unfortunately, by the nature of graduate education, undergraduates
are rarely afforded opportunities to formally interact with university re-
searchers. The ORDER (On Recent Discoveries by Emory Researchers) pro-
gram is taught by graduate students and postdoctoral researchers under the
guidance of faculty and aims to provide an interdisciplinary, research-based
course to undergraduate freshmen and upperclassmen. During the freshmen
seminar course, students propose a research question and actively conduct ex-
periments to address their hypotheses. The capstone of the course is a researchreport and formal presentation of their results, specifically intended for a broad
audience. The course was adapted for upperclassmen to focus on students
creating and presenting a research proposal which they can use to guide the
transition after their baccalaureate education.
Here, we discuss the integration of a single-molecule biophysics module into the
ORDER curriculum taught in the 2012-2013 academic year at Emory Univer-
sity. ‘‘iSearch: Illuminating Identity’’ was a course designed by teacher-
scholars from disciplines ranging from Neuroscience and Physics to Psychology
and Spanish. Each teacher-scholar exposed undergraduate students to his/her
specific research pursuits and mentored undergraduate students through the
research process. The undergraduate students came from a broad assortment
of academic programs offered at the university. Further, we present the layout
of the course, the active methods used to engage students, the lessons learned
from collaboratively teaching a research-based course, and the educational ben-
efits for the teacher-scholars. In particular, we detail the single-molecule
biophysics module and present pre- and post-survey results from students prob-
ing their interest and understanding of the biophysics research field.
1103-Pos Board B858
An Integrated, Instrument Intensive Project-Based Biochemistry Labora-
tory for Enhanced Student Learning and Research
Todd P. Silverstein, Sarah R. Kirk.
Chem., Willamette Univ., Salem, OR, USA.
We have designed and implemented a two-semester instrument-intensive
experimental biochemistry course. In the early part of the course, student
training is focused on experimental design, calibration curves, and statistical
analysis. Students study biologically significant small molecules using
HPLC, UV-Vis Spectroscopy, and electrochemical biosensors. In the last
half of the first semester, experiments grow in complexity and students become
more independent as they use multiple spectroscopic techniques to study lipid
membrane dynamics, protein structure, and enzyme activity. In the second se-
mester, students study the impact of structure on protein function, use qPCR to
quantitate relative gene expression in plants, and study the dynamics of tRNA
structure upon ligand binding using fluorescence, absorbance, and electropho-
resis. Throughout the course, students are trained in both formal and informal
scientific writing. The culmination of both semesters is a student-designed in-
quiry-based independent project. We will describe the structure of the course,
how learning outcomes are addressed, and report on initial student responses to
this integrative instrument-based biochemistry experience. The authors grate-
fully acknowledge the NSF (DUE award # 1044737) for support of this project.
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Sustained Crystallography Skills through Multimedia-Supported Active
Learning
Gundula Bosch1,2, Lauren E. Boucher3,4, Ju¨rgen Bosch3,4.
1Interdisciplinary Studies, Johns Hopkins University, School of Education,
Baltimore, MD, USA, 2Molecular Microbiology & Immunology, Johns
Hopkins University Bloomberg School of Public Health, Baltimore, MD,
USA, 3Biochemistry and Molecular Biology, Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD, USA, 4Johns Hopkins
Malaria Research Institute, Baltimore, MD, USA.
Structure solution skills in x-ray crystallography are critical capabilities for stu-
dents and postdoctoral trainees in biophysics, biochemistry and structural
biology. While many institutions have incorporated classes on theoretical crys-
tallography into their curricula, practical structure solution skills are rarely im-
parted through coursework.
We thus developed an enabling, hands-on crystallography sub-curriculum,
which can be added to existing biophysics curricula that focus on the theoretical
foundations. Taking place in an encouraging, collaborative learning environ-
ment, our educational intervention sets out to provide learners from diverse
backgrounds with sustainable skills to tackle real-world, protein structure solu-
tion problems independently.
Our curriculum is designed in a multimedia-enhanced, blended classroom
format: Reading resources as well as short, narrated and pre-recorded slide pre-
sentations provide course participants ahead of class with the necessary back-
ground to work on problem sets during face-to-face sessions. Part of an
evolving case study, the problem sets contain real-world diffraction datasets
in various degrees of difficulty. Throughout the curriculum, learners are
sequentially guided through all essential structure solution steps, from remote
diffraction data collection and processing, various structure solution strategies,
to structure quality evaluation. By the end of the curriculum, every student
shares their experiences in an audio-supported slide-presentation over the
web, while classmates provide feedback.
We evaluate learners’ confidence, academic performance and sustained skill
level through a multi-facetted set of assessments, including quizzes, problem
